Background and objectives CKD and ESRD are growing burdens. It is unclear whether these conditions affect pulmonary embolism (PE) risk, given that they affect both procoagulant and anticoagulant factors. This study examined the frequency and associated outcomes of PE in CKD and ESRD.
Introduction
CKD and ESRD are common and costly conditions in the United States (1, 2) . Estimates using the US Renal Data System (USRDS) suggest that in 2010 approximately 20 million Americans aged $20 years had CKD; 0.39 million had ESRD, excluding persons with renal transplants (3) (4) (5) (6) . Persons with these conditions are frequently hospitalized and incur greater costs and complications associated with their hospitalizations (7) .
The overall incidence of pulmonary thromboembolism (PE) in adults is estimated to be 1 event per 1000 person-years (8, 9) . Although the case fatality rate for PE has fallen below 10%, it remains an important cause of death in hospitalized patients, leading to approximately 300,000 deaths annually (8) (9) (10) .
Although CKD is thought to be a procoagulant state, associated platelet dysfunction is thought to enhance bleeding risk, particularly as CKD progresses to ESRD. Most studies have shown that persons with CKD have an increased risk of venous thromboembolism (VTE) (11) (12) (13) (14) , but estimates of the magnitude of the effect vary widely. Moreover, prior investigations of the risk of VTE and/or PE among persons with ESRD show conflicting results (15) (16) (17) (18) . Thus, more research is needed to understand the risk of VTE, and especially PE, among persons with renal disease. This is also important because the presence of renal disease increases the risks associated with administration of intravenous contrast (a potentially nephrotoxic agent) and limits use of low molecular weight heparins. This may lead to delayed diagnosis, prolonged hospital stays, and increased costs when such persons have VTE.
We therefore carried out this study to examine the frequency of PE among persons with either CKD or ESRD compared with persons with normal kidney function. In addition, we describe the effect of CKD and ESRD on length of stay and in-hospital mortality among persons who are hospitalized with PE. We used data from a large nationally representative hospital database to enhance the external validity of our results.
Materials and Methods

Data Source
We used the Healthcare Cost and Utilization Project's Nationwide Inpatient Sample (NIS), the largest publicly available all-payer database regarding inpatient care in the United States. This is an administrative dataset created by the Agency for Healthcare Research and Quality from data contributed by participating states. Each year, the NIS includes data on 5-8 million hospital stays from approximately 1000 hospitals selected to approximate a 20% stratified sample of US hospitals. All hospital types are sampled, excluding Federal (e.g., Veterans Affairs or Department of Defense), institutional (e.g., prison hospitals), and short-term rehabilitation hospitals. Each hospitalization is treated as an individual entry in the database and is coded with 1 principal diagnosis, up to 14 secondary diagnoses, and 15 procedural diagnoses associated with that stay. To facilitate the production of national estimates, both hospital and discharge weights are provided. Details about the structure of NIS database are available online (19). We used data from 2007 for this study.
Study Population
We used the NIS to estimate the total number of admissions for PE among adult patients (aged $20 years), and then classified such admissions into three distinct cohorts of persons with CKD, ESRD, or normal kidney function. We included all admissions with a principal diagnosis code for PE (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 415.11 and 415.196), indicating that PE was the primary reason for admission (20) . We then used ICD-9-CM codes to classify each patient as having CKD, ESRD, or normal kidney function. We identified CKD patients using ICD-9-CM codes 585.1-585.5 and 585.9. Similarly, we considered patients to have ESRD if they had either the diagnosis code of 585.6 or a procedure code for hemodialysis (39.95) or peritoneal dialysis (54.98). We excluded persons undergoing hemodialysis who concomitantly had an ICD-9-CM code indicating ARF. We also excluded patients with renal transplantation from our analysis. Figure 1 details our scheme of patient selection and inclusion.
We identified known clinical risk factors for PE using ICD-9-CM codes and described the proportion of persons with these risk factors in each cohort studied. 
Definition of Independent Variables
We used Deyo's modification of Charlson's comorbidity index to identify burden of comorbid disease (21) . This index uses 17 comorbid conditions with differential weighting; scores range from 0 to 33, with higher scores representing greater comorbid burden. We excluded CKD or ESRD in calculating the index because they were already included as patient characteristics. We considered patients to have severe PE if they had identifying ICD-9-CM codes for the use of mechanical ventilation (96.7 or 96.72), vasopressors (00.17), or thrombolytic agents (99.10) on the day of admission or the second hospital day. We identified frequency of inferior vena cava (IVC) filter placement using ICD-9-CM code 38.7. We considered patients with CKD or normal kidney function to undergo new dialysis if they had an ICD-9-CM procedure code of hemodialysis (39.95).
Outcomes
Our primary outcome of interest were the frequency of pulmonary embolism, in-hospital mortality, lengths of hospital stay, and associated charges among persons admitted with PE. We compared each of these outcomes variables in the cohort of CKD and ESRD separately with the cohort of persons with normal kidney function. We also examined complications associated with PE (cardiogenic shock, respiratory failure requiring mechanical ventilation, and cardiac arrest) using appropriate ICD-9-CM codes. 
Statistical Analyses
We estimated the number of US adults with CKD by multiplying the number of adults in age categories (20-44, 45-54, 55-64, 65-74 , and $75 years) by the age-specific prevalence of CKD in each of these age groups. We estimated the prevalence of CKD among persons aged ,65 years by averaging the estimates generated by analyses of the Ingenix and MarketScan databases published in the USRDS 2007 annual report (22) . We used the estimates generated by analyses of Medicare databases published in the USRDS 2007 annual report to estimate the prevalence of CKD among persons aged $65 years. We used the number provided by the USRDS as our estimate of the number of Americans with ESRD in each of these age groups (3). We calculated the number of people with normal kidney function by subtracting our estimates of the number with ESRD or CKD in each age group from the estimated US population in these age groups from the US Census (23) .
We used the strata weights provided with the NIS and SURVEY commands in the Stata IC 11.0 software program (Stata Corp, College Station, TX) to generate national estimates of the number of admissions for PE among adults with CKD, ESRD, or normal kidney function. We then calculated the annual incidence of PE for each age group for each category (normal kidney function, CKD, or ESRD) by dividing the number of admissions for PE by our estimate of the total US population in that category. We calculated an overall incidence of PE in each renal disease category in the same way. We then standardized the incidence of PE in the CKD and ESRD categories to the age distribution of the normal US population.
Among persons admitted with PE, we compared the distribution of outcomes and potential confounders among persons with CKD, ESRD, or normal kidney function using chi-squared tests to compare categorical variables and either t tests or Wilcoxon signed rank sum tests to compare continuous variables as appropriate for their distribution. Variables in both the CKD and ESRD cohorts were compared separately with the cohort of persons with normal kidney function. All tests were two sided and differences were deemed significant at P,0.05.
We constructed a multivariable logistic regression model to assess the independent effect of CKD and ESRD on inhospital mortality in persons suffering PE. First we identified each characteristic associated with in-hospital mortality in univariate analysis at P,0.10. These were candidates for inclusion in the final multivariable model. We checked these variables for multicollinearity using tolerance and a variation inflation factor; these were very close to unity for all variables used in the final model. To account for interactions between selected variables, we examined all twoway interaction terms and included those found significant in the model. Information regarding race was missing in approximately 20% of patients and we grouped these together as unknown. We adjusted the final model for age 45 -54, 55-64, 65-74, and $75 years), sex, race (white, black, Hispanic, Asian, Native American, other, and unknown), modified Charlson-Deyo's comorbidity index, and hospital characteristics such as hospital teaching status (e.g., teaching and nonteaching) and bed size (e.g., small, medium, and large). We excluded persons with missing data regarding age, sex, or discharge status.
We used Stata IC 11.0 software for all analysis. This study was approved by Institutional Review Board of the Medical College of Wisconsin.
Results
We estimated that there were 32,616,411 adult discharges from hospitals covered by the NIS 2007 database, 154,585 of whom had PE. Of these, 143,060 had normal kidney function, 9920 had CKD, and 1605 had ESRD. On the basis of US Census and USRDS data, we calculated that among the 218,837,849 estimated adults (aged $20 years) living in the United States in 2007, 214,567,689 had normal kidney function, 3,757,005 had CKD, and 362,512 had ESRD. Adjusting for differences in age distribution between these groups and normalizing to the entire 2007 US population with normal kidney function, we calculated that the overall number of admissions for the principal diagnosis of PE in 2007 was 66 per 100,000 among persons with normal kidney function, 204 per 100,000 among persons with CKD, and 527 per 100,000 among persons with ESRD. The frequency of PE by age group and renal disease category is shown in Table 1 .
Demographic and Clinical Characteristics
Persons with PE in the ESRD cohort were significantly younger compared with persons with normal kidney function. Conversely, persons with CKD were significantly older. Even after removing CKD as a comorbid condition, both persons with CKD and those with ESRD had a greater Charlson-Deyo index and were more likely to have individual comorbid conditions such diabetes mellitus, hypertension, and congestive heart failure than persons with normal kidney function. The proportion of PE admissions that we categorized as severe was highest in the ESRD cohort followed by the CKD cohort; both were significantly higher than among persons with normal kidney function ( Table 2) .
Use of Thrombolysis and IVC Filters
The proportion of patients undergoing thrombolysis was similar in all categories. However, IVC filters were more commonly placed in persons with CKD (15.3%) compared with those with ESRD (13.6%) or normal kidney function (13.1%) ( Table 3) . 
Outcomes
The unadjusted in-hospital mortality in patients with PE was 3.2% in patients with normal kidney function. Mortality was significantly higher for persons with CKD (6.7%) and ESRD (6.7%). On adjusted analysis using multivariable regression, the odds ratio for mortality in CKD patients was 1.57 (95% confidence interval, 1.27-1.93) compared with those with normal kidney function (Table 4) . Similarly the odds of mortality in persons with ESRD suffering PE were 1.92 times higher (95% confidence interval, 1.17-3.15) compared with normal kidney function. Table 4 demonstrates the multivariable analysis of predictors of mortality in PE. The proportion of CKD patients with PE requiring new dialysis was 0.9%, which was nine times higher than among persons with normal kidney function ( Table 3) .
Length of Hospital Stay and Disposition
Median length of hospital stay in survivors was 2 days longer for ESRD patients and 1 day longer for CKD patients compared with persons with normal kidney function (P,0.001). The numbers of patients with PE discharged to a health care facility were significantly higher in those with CKD or ESRD. Discharge to home was lowest for persons with CKD suffering PE.
Discussion
We report that admission for PE is more frequent among persons with ESRD or CKD than among those with normal kidney function. PE in persons with ESRD and CKD was also associated with a significantly higher case fatality rate. This effect persisted and was significant after adjustment for potential confounding variables. These results emphasize the need to consider prophylaxis, diagnosis, and treatment of PE in persons with renal disease, despite the increased risk of complications.
Hemostasis is an intricately balanced process. Abnormalities in platelet function and the coagulation cascade may lead to either increased risk of clotting or bleeding, depending on the defect. Mechanisms contributing to a procoagulant state in persons with CKD include increased tissue factor, vWf, XIIa, VIIa, and fibrinogen levels along with reduced tissue plasminogen activator (24) (25) (26) (27) (28) (29) (30) . With progression to ESRD, patients develop platelet dysfunction that may lead to enhanced bleeding risk (31) (32) (33) (34) (35) . Conversely, increased levels of procoagulant factors such as homocysteine, thrombinantithrombin complex, D-dimer, fibrinogen, vWf, and protein C deficiency in ESRD patients may increase the prothrombotic state (36) (37) (38) . Patients with ESRD or CKD may be more likely to have risk factors for PE such as congestive heart failure and immobility, in addition to the aforementioned molecular mechanisms. Use of erythropoietin in ESRD patients has also been associated with an elevated risk of thrombosis (39) . Thrombophilic factors are also common in stage 5 CKD and correctable after kidney transplantation (40). Our finding that the incidence of PE in persons with ESRD is 7.6 times higher than in persons with normal kidney function is similar to that of Tveit et al.; however, their estimate of the incidence ratio was slightly lower at 6.09 (15) . This may reflect differences in methodology. Tveit et al. estimated the incidence of PE in ESRD patients using the USRDS database and that in the general US population using the National Hospital Discharge Survey database; conversely, we used a single database (NIS) to estimate the frequency of PE in both cohorts. They also restricted their ESRD cohort to persons in their first year after initiation of dialysis, whereas our sample included all persons receiving dialysis, some of whom would have had ESRD for many years. Finally, although Tveit et al. included only the first episode of PE to identify persons with PE in the ESRD cohort, they used all hospitalizations for PE to estimate incidence in the general population. We only included persons admitted with a principal diagnosis of PE and used the same technique to identify cases among each of our study groups (those with normal kidney function, CKD, and ESRD).
Autopsy studies have suggested that persons with ESRD have a reduced risk of PE (17,41,42) . In one large series, Mossey et al. reported microscopic or macroscopic PE to be present in 32.3% of patients with normal kidney function, whereas the frequency of PE in patients with stage 5 CKD or ESRD was 9.5%, with all of them being microscopic emboli (41) . More recently, Daneschvar et al. found no difference in VTE prevalence between autopsied persons with versus without CKD (43) . These postmortem studies are limited by selection bias. Significantly higher mortality in persons with ESRD secondary to infectious and other cardiovascular complications may spuriously lower the frequency of PE on autopsy when compared with the general population. Furthermore, the subset of persons undergoing autopsy examinations is relatively small and the clinical significance of microscopic thrombotic events discovered postmortem is unclear. We have attempted to circumvent such issues by using the USRDS database to determine the true at-risk ESRD and CKD population and including persons with the principal diagnosis of PE only. We judged this approach better than including any diagnosis of PE to prevent spurious overinflation of PE in the numerator.
Although they excluded persons with ESRD, our results are qualitatively similar to those obtained by Folsom et al. (13) , as well as those by Wattanakit et al. in their analysis of data from the Longitudinal Investigation of Thromboembolism Etiology (LITE) (11) . However, the magnitude of the effect of CKD on risk of VTE in both of these studies was less than we observed. This likely reflects differences in methods. We estimated the US population with CKD during the same year we identified the number of admissions for PE, whereas they defined CKD at baseline then identified VTE several years later. Thus, the CKD status of many in the LITE cohort likely changed by the time VTE incidence was measured. This might attenuate any effect of CKD on VTE risk. Furthermore, we examined PE only, whereas they measured any VTE. Our finding of higher mortality in patients with CKD and ESRD suffering PE is consistent with previous reports (44) . We also report higher frequency of severe PE for both the CKD and ESRD populations compared with persons with normal kidney function. We postulate that increased comorbidity burden, especially cardiovascular complications associated with both these diagnoses, lead to diminished cardiopulmonary reserve, increasing both severity of PE and associated mortality.
Although our study uses a well characterized database, we must acknowledge some important limitations. Despite its national scope, we may not reliably identify the diagnoses of CKD, which is one of the inherent limitations of administrative database studies. We cannot exclude variations in coding practices among hospitals. Because the NIS is a dischargelevel database, differentiation between multiple hospitalizations by the same patient is not possible; this may slightly exaggerate the precision of our estimates. The limited clinical detail of our ICD-9-CM codes cannot detect various stages of CKD, thereby forcing us to forgo reporting the incidence of PE in different stages of CKD. Furthermore, we calculated the number of persons in each renal disease category using US Census and USRDS annual reports. Whereas the total ESRD patients in United States are accurately counted, the same may not be true for CKD. Our estimate of PE incidence in persons with CKD would be exaggerated if the USRDS data underestimate the number of persons with CKD. Furthermore, we only included patients with a principal diagnosis of PE. Thus, our analysis does not include persons who developed PE after being admitted to the hospital for another diagnosis. Although we used multivariable regression to control for potential confounding factors, residual bias resulting from unmeasured severity of illness cannot be excluded.
Despite these limitations, our study for the first time provides an estimate of the frequency and mortality of PE admissions in both the CKD and ESRD population. We show that patients with ESRD and CKD not only have higher incidence of PE, but also develop more severe disease and have higher mortality. These findings have implications for the diagnosis, treatment and, importantly, prevention of PE in these cohorts. Definitive evaluations in the modern era require administration of intravenous contrast agents for computed tomography angiography. In persons with CKD, such an approach requires prophylaxis with intravenous fluids before contrast exposure and carries the risk of significant nephrotoxicity. This creates a layer of complexity and may delay diagnosis in a disease state in which prompt recognition and treatment is paramount. Conversely, there is the unnecessary risk of contrast-induced kidney injury in patients with negative studies, which may itself lead to increased lengths of hospital stay, mortality, and costs. In addition, therapy with low molecular weight heparin once a diagnosis is established is not feasible in persons with CKD with an estimated GFR ,30 or in persons with ESRD. Thus, therapy would require hospitalization for administration of intravenous heparin and initiation of oral anticoagulant therapy until anticoagulation targets are achieved, thereby leading to increased costs. Furthermore, given the increased risk of death from PE, future investigations should evaluate current deep vein thrombosis prophylaxis strategies for these cohorts of patients. In summary, although persons with CKD and ESRD have both higher risk of PE and mortality from PE, risks associated with evaluation and associated costs of hospitalizations may be higher as well. Investigations focusing on cost-benefit analyses and determining the risk-benefit ratios of evaluating and treating persons with CKD and ESRD with PE are warranted. 
